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ABSTRACT: Several patterns of the monthly rainfall shortage in Spain are investigated by using long-term series of
monthly rain amounts, which were recorded at 34 observatories and compiled by the Agencia Estatal de Meteorologı´a,
AEMET (Spanish Ministry of Environment). Owing to the strong variability of the pluviometric regime along the year,
the median of the empirical monthly rain amounts is estimated for every month of the year. A monthly shortage is then
defined as the difference between the corresponding monthly median and the monthly rain amount. A spell of monthly
shortage is a set of consecutive months with amounts below the corresponding monthly medians. Five magnitudes are
defined to characterize the rainfall shortage: (1) the spell length, L (months); (2) the average monthly shortage of a spell,
<S > (mm); (3) the largest monthly shortage in a spell, SM (mm); (4) the total rainfall shortage for every spell, CS (mm)
and (5) the rainfall amount for every shortage spell, CR. The whole number of spells, N , and the number of spells as a
function of shortage lengths, N(L), are compared with those deduced from the distribution theory of runs (TR). Instead of
a geometric distribution, a Markov chain of first order with two states becomes a better option for the probability density
function of L. Although the empirical distributions of < S >, SM and CS are well fitted by a Pearson-type III model for
most gauges, the generalized Pareto (GP) distribution is sometimes a better choice. The distribution of CR is well fitted by
gamma and especially Poisson-gamma models. Besides these statistical analyses, an interpretation of the rainfall shortage
is attempted by looking for links between the distributions of cumulative monthly shortage (CMS), and cumulative number
of months (CNM) with rainfall deficit. Both distributions generate normalized shortage curves (NSC), which follow similar
laws to the normalized rainfall curves (NRC), used, for instance, in the study of daily rainfall amounts. Finally, statistical
significance of local and field time trends of < S >, SM and CS are evaluated. Copyright  2009 Royal Meteorological
Society
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1. Introduction
The drought phenomenon is a climatologic hazard that
strongly conditions human activities and economic devel-
opment (AMS Council, 2004). From the point of view of
climatology and statistics, several tools can be used to
analyse it, with the aim of preventing or mitigating its
effects. At the local and regional scale, it can be cited
among other statistical tools, the precipitation indices
(Martı´nez et al., 2007), the statistical significance of local
and field trends of daily dry spells (Serra et al., 2006)
and the search of statistical models reproducing several
empirical distributions of daily dry spells (Lana et al.,
2006a, 2006b).
The present analysis is devoted to model several pat-
terns of the monthly rainfall shortage regime, which is
an appropriate time scale for the right evaluation of
* Correspondence to: X. Lana, Departament de Fı´sica i Enginyeria
Nuclear, Universitat Polite`cnica de Catalunya, Av. Diagonal, 647,
E-08028 Barcelona, Spain. E-mail: francisco.javier.lana@upc.edu
the severity of a drought period. Because of the vari-
ability of the pluviometric regime along the year, the
median is empirically estimated for every month of the
year. A monthly shortage is then defined as the differ-
ence between the corresponding monthly median and a
monthly rain amount. A similar scheme was proposed
by Dracup et al. (1980), who suggested mean, median
or mode as the truncation level to classify the events
as ‘high’ or ‘low’. Then, four basic magnitudes are intro-
duced. First, the dry spell length, L (months); second, the
average monthly shortage of a spell, < S > (mm); third,
the largest monthly shortage detected in a spell, SM (mm)
and fourth, the total rainfall shortage for every dry spell,
CS (mm). Assuming the median as truncation level, the
four variables analysed describe shortage episodes, also
including drought events (tails of the L, < S >, SM and
CS distributions). The empirical distributions of these
four variables are well modelled by the geometric and
Markov chains for L and by the Pearson-type III (PE3)
and generalized Pareto (GP) distributions for < S >, SM
and CS. In this way, lengths of the shortage spells and
Copyright  2009 Royal Meteorological Society
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average, maximum and total shortage could be extrap-
olated to simulate severe droughts (long shortage spells
and high total shortages).
It is relevant to obtain a statistical model for the
distribution of the spell length, L. An option is based on
the distribution theory of runs (TR) (Mood, 1940; Wilks,
1962; Griffiths, 1990), which implicitly assumes that L
fits a geometric distribution. The theoretical expected
values of the number of spells in terms of length,
N(L), their standard deviations and the χ2 statistical
test suggest that a geometric distribution is not always
the best option. A Markov chain of first order with two
states (monthly shortage and monthly excess) could offer
better results. Additionally, a probability density function
depending on N and L, and the cumulative rainfall
amount of the spell, CR, can be modelled by three factors
based on the basic distribution TR for N , the geometric
distribution for L and a gamma distribution for CR
(Griffiths, 1990). Given that the geometric distribution
hypothesis is questionable and that, especially for lengths
of 1 and 2 months, experience confirms that CR could
often be null (Lana and Burguen˜o, 2000), an alternative
is proposed to describe statistical patterns of monthly
rainfall shortage. The TR distribution is preserved for
variable N , but L is proved to fit a Markov process better
and CR is much better represented by a Poisson-gamma
distribution ( ¨Oztu¨rk, 1981).
Another interesting point of view derives from the
normalized rainfall curves (NRC) widely applied to char-
acterize and analyse pluviometric regimes, and based on
the distributions of the daily amounts and of the num-
ber of rainy days (Ananthakrishnan and Rajan, 1987;
Ananthakrishnan and Soman, 1989; Soman and Krishna
Kumar, 1990; Martı´n-Vide, 2004; Burguen˜o et al., 2005).
At present, the NRC model is adapted to monthly short-
ages with the aim of introducing the normalized shortage
curves (NSC) with very similar characteristics to those
of the NRC. From the set of monthly shortages {s(j );
j = 1, . . . , n}, arranged in increasing order, two empiri-
cal cumulative distributions are straightforward to derive:
the cumulative monthly shortage (CMS) and the cumu-
lative number of months (CNM). By analogy with the
NRC, NSC establishes a relationship between CMS and
CNM. In this way, the main patterns of the monthly short-
age affecting a rain gauge are summarized in an NSC and,
more specifically, in two relevant pairs of coordinates of
this curve. The first two coordinates, designated by X∗
and Y ∗, give respectively the percentage of CMS associ-
ated with half of the monthly episodes and the percentage
of monthly episodes corresponding to half of the cumula-
tive shortage. The pair, designated by (XS, YS), is related
to the average monthly shortage and is explained in more
detail later.
The NSC can be modelled either by a power law
relating CMS and CNM or by the same mathematical
function used for the NRC. Advantages and shortcomings
offered by each function are discussed later. The well-
known strong dependence of the NRC on the coefficient
of variation (CV) of the daily rainfall amount is tested for
the NSC by considering the CV of the monthly shortages.
The local time trends of < S >, SM and CS are
quantified by the Kendall-tau method (Sen, 1968; Kunkel
et al., 1999, Zhang et al., 2004) and their statistical
significances are evaluated with the Mann–Kendall test
(Mitchell et al., 1966; Sneyers, 1990). Field significances
are estimated by Monte Carlo simulations (Zhang et al.,
2004). Alternatively, the statistical significance of field
trends is also assessed in terms of signs of time trends
instead of their local statistical significance. Finally,
the degree of agreement with climatic change scenarios
(Meehl et al. 2007) is discussed.
2. Database
The shortage regime in Spain is analysed from 34
long-term monthly amount series, ranging from 83
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Figure 1. Emplacement of rain gauges belonging to the AEMET (Agencia Estatal de Meteorologı´a), Spanish Ministry of Environment.
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Figure 2. Some examples of discrete probability plots describing the fit of the empirical number of episodes (solid line) to geometrical (left) and
Markov chain (right) models (dashed lines).
to 156 years, compiled by the AEMET (former Insti-
tuto Nacional de Meteorologia, of the Spanish Min-
istry of Environment). Completeness and homogene-
ity of the records is guaranteed by the AEMET itself
(Almarza et al., 1996) and reports of the Direccio´n
General del Instituto Nacional de Meteorologı´a (2002a,
2002b, 2002c, 2002d, 2002e). The geographical distri-
bution of rain gauges is depicted in Figure 1. Table I
lists rain gauge codes, recording periods and alti-
tudes above sea level. Although the spatial distribu-
tion of recording emplacements is not very dense, a
large variety of pluviometric regimes is represented by
this database, as there are rain gauges close to the
Mediterranean and Atlantic coasts and the Pyrenees
Range in the Central Plateau and along several river
basins.
The large number of monthly shortages generated for
every rain gauge is a notable fact. It should be remem-
bered that shortages are computed by taking as reference
the estimated median of rain amounts for the correspond-
ing month of the year. Then, half of the available months
are characterized by the shortage. This fact implies that
the number of monthly shortages ranges from 504 (rain
gauge COR) to 936 (rain gauge SNF). In consequence,
the number of empirical data is large enough to derive
empirical distributions of CMS, CNM and NSC with
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Table I. Rain gauge codes, recording periods and altitudes above sea level.
Rain gauge Period (years) Altitude a.s.l. (m) Rain gauge Period (years) Altitude a.s.l. (m)
01 – ALB 1866–2000 698.5 18 – MAL 1906–2000 6.5
02 – ALI 1856–2000 81.5 19 – MUR 1865–2000 74.5
03 – ALM 1913–2000 20.0 20 – PAL 1865–2000 3.0
04 – BAD 1876–2000 185.0 21 – PAM 1893–1994 449.0
05 – BAR 1860–1987 41.5 22 – SNF 1839–1994 8.0
06 – BUR 1862–2000 891.0 23 – SSB 1878–2000 251.6
07 – CAC 1909–2000 469.6 24 – SNT 1912–1994 65.9
08 – CAZ 1911–1994 1020.0 25 – STC 1906–2000 360.0
09 – CIU 1904–2000 627.8 26 – SEG 1901–2000 1005.0
10 – CRD 1894–2000 92.0 27 – SEV 1865–2000 1083.0
11 – COR 1917–2000 67.0 28 – SOR 1909–2000 516.9
12 – CUE 1908–2000 955.0 29 – TOL 1900–2000 27.0
13 – HLV 1903–2000 19.0 30 – TOR 1906–2000 48.5
14 – HUE 1865–2000 554.0 31 – VAL 1864–2000 11.4
15 – LOG 1911–2000 379.0 32 – VLL 1862–2000 735.0
16 – MAD 1859–2000 666.0 33 – ZAM 1915–2000 667.0
17 – MAH 1886–2000 47.0 34 – ZAR 1865–2000 245.0
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Figure 3. Examples for gauge ALB of, (a) and (b), Poisson-gamma and, (c) and (d), gamma distributions (solid lines) of rainfall amounts linked
to shortage episodes of 1 and 2 months (dots) and the Kolmogorov–Smirnov 95% confidence bands (dashed lines).
a high degree of confidence. The number of samples
obtained for the four shortage magnitudes (L, < S >, SM
and CS ) and CR is obviously lesser, given that monthly
dry spells are equal to or greater than 1 month. In spite
Copyright  2009 Royal Meteorological Society Int. J. Climatol. 30: 1668–1688 (2010)
1672 M. D. MART´INEZ ET AL.
of this, comparisons between empirical distributions and
statistical models suggest that this number of samples
is also large enough. With respect to the goodness of
fits, the Kolmogorov–Smirnov test (Benjamin and Cor-
nell, 1970; Eadie et al., 1971) is not restrictive enough
to decide about the acceptance or rejection of a statisti-
cal model when the number of samples is relatively low.
An alternative is given then by the L-skewness-kurtosis
diagrams (Hosking and Wallis, 1997), based on the
L-moment formulation, which can be easily implemented
for theoretical distributions fitting < S >, SM and CS.
Nevertheless, because of the complexity of the theoretical
models or the discrete character of the variables, distri-
butions for L and CR are verified with the χ2 and the
Kolmogorov–Smirnov tests respectively.
3. Statistical distribution of monthly shortage
3.1. TR and Markov chains
The statistical analyses of the monthly shortage are based
on the five magnitudes, L, < S >, SM, CS and CR,
previously introduced. The classical TR (Mood, 1940;
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Figure 4. Slopes of the linear evolution of < CR > with the length L
of a shortage event. Dashed line delimits areas with slopes exceeding
or lowering 20 mm/month.
Griffiths, 1990) could be assumed for the distribution of
the number of shortage spells in terms of their length,
0.00 0.10 0.20 0.30 0.40
L-skewness
0.00
0.10
0.20
0.30
0.40
L
-
ku
rto
si
s
Average monthly shortage, <S>
N E
-0.10 0.00 0.10 0.20 0.30 0.40
L-skewness
-0.10
0.00
0.10
0.20
0.30
0.40
L
-
ku
rto
si
s
Maximum monthly shortage, SM
N E
0.00 0.10 0.20 0.30 0.40 0.50
L-skewness
0.00
0.10
0.20
0.30
0.40
L
-
ku
rto
si
s
Cumulative monthly shortage, CS
N E
Figure 5. L-skewness-kurtosis diagrams for the variables < S >, SM and CS. Theoretical L-skewness and L-kurtosis are represented by solid
(Pearson-type III) and dashed (GP) lines. N and E designate the coordinates for the normal and exponential distributions respectively.
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N(L). The density function f (N) for the whole number,
N , of independent shortage spells is
f (N) =
(
np − 1
N − 1
)(
nq + 1
N
)/(
n
np
)
(1)
where n is the number of months with pluviometric
record and p and q are the monthly shortage and monthly
excess probabilities. Bearing in mind that the threshold
value is the median of the monthly rainfall distribution,
both probabilities are equal to 0.5. Then, half of the
months are associated with rainfall surfeit and the other
half with rainfall deficit. The expected value and the
variance of N are
E(N) = p(nq + 1) (2a)
σ 2(N) = (np − 1)(nq + 1)pq/(n − 1) (2b)
Similarly, for the number N(L) of spells with length
L
E[N(L)] = (nq + 1)
(2)(np)(L)
(n)(L+1)
(3a)
σ 2[N(L)] = (nq)
(2) (nq + 1)(2) (np)(2L)
(n)(2L+2)
+ (np)
(L) (nq + 1)(2)
(n)(L+1){
1 − (np)
(L) (nq + 1)(2)
(n)(L+1)
}
(3b)
where (a)() = a(a − 1)(a − 2) . . . .(a −  + 1).
If TR is the right distribution, the numbers of spells
N and N(L) should be close to those given by Equa-
tions (2a) and (3a). Tables II(a) and (b) summarize the
empirical and expected values of N and N(L). Given the
small number of shortage episodes with length greater
than 2 months, only short spells of 1 and 2 months
are included in Table II(b). The discrepancies between
empirical and expected quantities are evident for many
gauges. Consequently, the applicability of TR is not so
obvious.
Associated with the hypothesis that TR is valid, the
exact probability density function for L should be the
classical discrete geometric distribution (Moye´ et al.,
1988; Griffiths, 1990; Biondi et al., 2005), based on the
independence of monthly amounts
f (L) = q · pL−1 (4)
with expected value 1/q and variance p/q2. An alterna-
tive to the geometric distribution is the Markov chain,
widely applied to daily rainfall series (Lana and Bur-
guen˜o, 1998; Martı´n-Vide and Go´mez, 1999; Ochola and
Kerkides, 2003). Accepting dependence on just the pre-
ceding month amount, a first-order Markov chain with
Table II(A). Total number of monthly shortage events, N ,
expected number, < N >, and standard deviation, σN , accord-
ing to the distribution TR.
Gauge N < N > σN Gauge N < N > σN
ALB 359 364 10 MAL 235 276 8
ALI 407 417 10 MUR 399 407 10
ALM 208 239 8 PAL 395 404 10
BAD 327 353 9 PAM 264 293 9
BAR 392 385 10 SNF 396 466 11
BUR 368 396 10 SSB 329 369 10
CAC 261 277 8 SNT 240 250 8
CAZ 239 252 8 STC 271 285 8
CIU 276 286 8 SEG 280 285 8
CRD 275 322 9 SEV 268 301 9
COR 231 252 8 SOR 391 408 10
CUE 237 270 8 TOL 263 275 8
HLV 256 293 9 TOR 269 286 8
HUE 370 405 10 VAL 411 410 10
LOG 251 269 8 VLL 377 417 10
MAD 394 426 10 ZAM 247 251 8
MAH 340 336 9 ZAR 382 398 10
two states (monthly deficit or state ‘0’ and monthly sur-
feit or state ‘1’) is assumed. The transition probabilities
Pij (i = 0,1; j = 0,1) are(
P00 P01
P10 P11
)
=
(
1 − a a
b 1 − b
)
(5a)
and the probability PM(L) for a sequence of L − 1
consecutive months with rainfall deficit interrupted by
a surfeit month is
PM(L) = (1 − a)L−1 · a;L ≥ 1 (5b)
With the aim of quantifying the goodness of fit offered
by both discrete distributions, the χ2 test is applied at
the 5% significance level, with a degree of freedom equal
to Lmax − 3 for the geometric distribution and Lmax − 2
for the Markov chain, with Lmax the maximum detected
length. It must be remembered that the probability
P01 of the Markov chain model is derived from the
same data used to compare empirical and theoretical
values and that, formally, probabilities p and q of the
geometric distribution are determined from the expected
and standard deviation of the empirical data.
The χ2 test permits the verification of the fact that
28 out of 34 empirical distributions fit the geometric
model well and 32 out of 34 fit the Markov chain
model at the 5% significance level. Only two stations,
COR and VLL, do not pass the χ2 test for any model.
In short, the Markov chain is a slightly better option
to represent the statistical behaviour of the number of
shortage episodes of length L. The transition probability
P01 varies within a narrow range from 0.453 to 0.555
for the 34 series, with an average of 0.493 and a
standard deviation of 0.026. This close vicinity to 0.5
suggests a very weak mutual dependence of consecutive
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Table II(B). Empirical number of monthly shortage events, N(L), their expected number, < N(L) >, and standard deviation,
σN(L), according to the distribution TR, for L equal to 1 and 2 months.
Gauge L N(L) < N(L) > σN(L) Gauge L N(L) < N(L) > σN(L)
ALB 1 181 182 12 MAL 1 117 138 10
2 91 91 7 2 65 69 6
ALI 1 198 209 13 MUR 1 196 204 12
2 113 104 8 2 99 102 8
ALM 1 99 119 9 PAL 1 182 202 12
2 68 60 16 2 120 101 8
BAD 1 159 177 12 PAM 1 118 147 10
2 89 88 7 2 62 73 6
BAR 1 198 199 12 SNF 1 199 233 16
2 108 96 7 2 96 113 8
BUR 1 176 198 12 SSB 1 145 185 12
2 94 99 7 2 93 82 7
CAC 1 116 138 10 SNT 1 105 125 10
2 70 69 6 2 75 62 6
CAZ 1 111 126 10 STC 1 129 143 10
2 62 63 6 2 73 71 6
CIU 1 143 143 10 SEG 1 143 142 10
2 64 71 6 2 69 71 6
CRD 1 150 161 11 SEV 1 138 151 11
2 60 80 7 2 74 75 7
COR 1 130 126 10 SOR 1 186 204 12
2 50 63 6 2 96 102 8
CUE 1 110 135 10 TOL 1 129 138 10
2 59 68 6 2 66 69 6
HLV 1 135 147 10 TOR 1 126 143 10
2 68 73 6 2 75 71 6
HUE 1 178 203 12 VAL 1 207 205 12
2 85 101 8 2 110 103 8
LOG 1 117 135 10 VLL 1 171 209 13
2 60 67 6 2 111 104 8
MAD 1 179 213 13 ZAM 1 132 126 10
2 97 107 8 2 50 63 6
MAH 1 170 168 11 ZAR 1 177 199 12
2 95 84 7 2 100 100 7
months and a similar behaviour to that of the geometric
distribution. Nevertheless, the small departures from 0.5
and the results offered by the χ2 test justify the preference
of Equation (5b) as compared to Equation (4). Figure 2
shows some examples of fits offered by both models.
As a general rule, the highest discrepancies between
theoretical and empirical histograms are detected for the
geometric model and the longest spells. Conversely, the
fit of empirical histograms to probabilities derived from
the Markov chain model is quite good, even for the
longest events exceeding 8 months.
3.2. Cumulative rainfall for shortage spells
Griffiths (1990) proposed that the monthly rainfall
amounts CR corresponding to shortage events with the
same length L should follow a gamma distribution with
parameters α and β depending on L. These parameters
are determined by the L-moments formulation (Hosk-
ing and Wallis, 1997). A revision of monthly totals in
Spain reveals that quite often a non-negligible num-
ber of events of 1 and 2 months are characterized by
null monthly amounts. Then, as Lana and Burguen˜o
(2000) verified for monthly amounts, without distinguish-
ing between shortage and excess, a Poisson-gamma dis-
tribution ( ¨Oztu¨rk, 1981) would be a better option. Some
examples of fits offered by the gamma and Poisson-
gamma distributions for 1 and 2 month lengths are
shown in Figure 3. Whereas fits of empirical CR to the
Poisson-gamma model for gauge ALB and spell lengths
of 1 and 2 months accomplish the criteria of the Kol-
mogorov–Smirnov test, notable departures from the the-
oretical distribution are observed for the gamma model,
especially for 1 month length. Although empirical prob-
abilities keep within uncertainty bands for a length of
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2 months, the discrepancies with the theoretical proba-
bilities are also very remarkable for the gamma distri-
bution. The Kolmogorov–Smirnov test has been applied
68 times (34 gauges for lengths of 1 and 2 months). The
Poisson-gamma model passes the test 51 times, offering
better statistics than the gamma distribution, while the
gamma model passes the test only 4 times, with better
statistics than the Poisson-gamma model. Seven out of
the remaining 13 sets of data are better explained by
the Poisson-gamma and six by the gamma distribution,
but any of them fulfils the Kolmogorov–Smirnov test
entirely.
These 1- and 2-month events may often correspond
to the summer season, in account of the relatively large
probability for a null amount, as for rain gauge ALB,
close to the Mediterranean coast. Nevertheless, according
to Table II(c), single monthly shortages, without consid-
ering possible spells, and episodes of 1 and 2 months are
quite uniformly distributed for the four seasons, except
for eight rain gauges. A common feature for these gauges
(ALM, BAD, CIU, CRD, HLV, MAL, SNF and SEV) is
the low relative frequency of shortage in summer. Given
that most of them are placed in semi-arid areas of the
Iberian Peninsula, the low occurrence in summer does
not mean that this season was usually rainy but monthly
amounts fluctuate around very low monthly medians. The
key factor for possible droughts, as for the rest of gauges,
would be the shortage episodes concentrated in relatively
rainy seasons as autumn and spring. These seasons are
usually characterized by quite similar shortage frequen-
cies (Table II(c)).
In agreement with results derived by Griffiths (1990),
the expected value of CR increases linearly with the spell
length L, as corroborated by an average square regression
coefficient of 0.97 for all the rain gauges and an uncer-
tainty (standard deviation) of 0.04. Owing to the decreas-
ing number of spells with the increasing length, only
lengths up to 5 months have been considered. In spite
Table II(C). Relative frequency (%) of single shortage months, without considering spells, and spells of 1 and 2 months for
winter (W), spring (Sp), summer (Su) and autumn (A).
Gauge Single months Spells of 1 month Spells of 2 months
W Sp Su A W Sp Su A W Sp Su A
ALB 25.2 24.9 24.9 24.9 23.8 24.3 27.6 24.3 23.1 25.3 22.0 29.7
ALI 24.9 25.2 24.8 25.1 24.7 27.3 24.2 23.7 22.1 24.8 23.9 29.2
ALM 29.8 29.6 9.9 30.6 24.2 35.4 17.2 23.2 20.6 35.3 0.0 44.1
BAD 27.2 27.2 18.0 27.5 24.1 25.9 32.3 17.7 19.1 25.8 15.7 39.3
BAR 25.1 24.8 25.1 25.1 22.2 28.8 25.8 23.2 27.8 23.1 24.1 25.0
BUR 25.1 25.0 25.0 24.9 25.0 23.3 27.3 24.4 24.7 26.9 22.6 25.8
CAC 25.0 25.0 24.9 25.0 27.6 25.0 20.7 26.7 21.4 31.4 22.9 24.3
CAZ 24.7 24.9 25.1 25.3 24.5 22.7 23.6 29.1 17.7 35.5 24.2 22.6
CIU 27.6 27.0 18.1 27.2 25.9 28.7 25.2 20.3 25.0 43.8 6.3 25.0
CRD 30.1 29.9 10.0 30.1 24.7 31.3 17.3 26.7 16.7 46.7 0.0 36.7
COR 25.1 25.1 24.7 25.1 21.5 28.5 25.4 24.6 22.0 24.0 28.0 26.0
CUE 25.5 25.1 25.1 24.3 29.1 25.5 22.7 22.7 27.1 25.4 30.5 16.9
HLV 30.2 29.6 9.9 30.2 25.2 33.3 17.8 23.7 29.4 38.2 0.0 32.4
HUE 25.0 25.0 25.0 25.0 23.6 24.7 26.4 25.3 28.2 27.1 20.0 24.7
LOG 24.8 25.0 25.2 25.0 25.0 23.3 26.7 25.0 15.0 26.7 31.7 26.7
MAD 25.0 24.9 25.1 25.0 24.6 24.0 27.9 23.5 20.6 28.9 20.6 29.9
MAH 24.9 25.0 25.2 24.9 31.2 22.4 24.7 21.8 27.7 28.7 20.2 23.4
MAL 29.6 30.3 10.1 30.0 25.6 34.2 18.8 21.4 26.2 26.2 0.0 47.7
MUR 25.3 24.9 24.8 25.0 20.9 26.0 24.5 28.6 22.4 17.3 28.6 31.6
PAL 25.0 25.1 25.0 24.9 25.8 23.1 26.4 24.7 25.2 22.7 23.5 28.6
PAM 25.3 25.2 24.7 24.8 24.6 22.0 28.8 24.6 21.0 35.5 24.2 19.4
SNF 29.9 29.8 10.1 30.3 21.1 35.7 18.1 25.1 27.4 36.8 1.1 34.7
SSB 25.0 25.0 24.9 25.1 28.5 25.0 25.0 21.5 15.1 32.3 29.0 23.7
SNT 25.0 25.0 25.0 25.0 28.6 22.9 21.9 26.7 16.0 25.3 33.3 25.3
STC 25.1 24.9 25.1 24.9 20.9 26.4 29.5 23.3 27.4 28.8 23.3 20.5
SEG 24.8 25.4 24.6 25.2 23.1 28.0 25.2 23.8 26.1 26.1 24.6 23.2
SEV 29.9 30.1 10.0 29.9 28.3 33.3 15.9 22.5 27.0 33.8 0.0 39.2
SOR 25.0 25.2 25.0 24.9 22.6 23.7 26.9 26.9 28.1 28.1 19.8 24.0
TOL 25.2 25.2 24.5 25.0 27.1 24.0 23.3 25.6 25.8 28.8 18.2 27.3
TOR 25.0 25.0 25.0 25.0 21.4 27.0 28.6 23.0 28.0 24.0 18.7 29.3
VAL 25.0 25.0 25.0 25.0 22.7 24.2 27.1 26.1 21.8 22.7 28.2 27.0
VLL 25.1 25.0 25.0 24.9 23.4 27.5 24.6 24.6 26.1 22.5 24.3 27.0
ZAM 24.5 25.3 25.3 24.9 22.0 26.5 27.3 24.2 30.0 16.0 24.0 30.0
ZAR 25.2 25.2 24.8 25.0 24.9 22.6 26.0 26.6 25.0 30.0 17.0 28.0
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Figure 6(a). Some examples of the Pearson-type III distribution (solid line) for the magnitudes < S >, SM and CS. Dots represent empirical
distribution and dashed lines the Kolmogorov–Smirnov 95% confidence bands.
of this, regression coefficients less than 0.95 have been
obtained only for five gauges. It is worthy of mention
that this linear evolution permits the expected amounts
for monthly shortage episodes to be easily extrapolated
to longer lengths by multiplying the slope correspond-
ing to every gauge by the assumed length in months.
Additionally, the magnitude of the slopes discriminates
areas that could be related to humid (the highest slopes),
intermediate (moderate slopes) and dry (small slopes)
rainfall regimes. It is implicitly assumed and, in outline,
empirically verified that high (small) slopes for monthly
shortage events are associated with copious (poor) annual
rainfall amounts. Figure 4 describes the spatial distribu-
tion of the slopes, in millimetres per month. Slopes less
than 10 mm/month cover part of the Mediterranean coast;
values ranging from 10 to 20 mm/month a great extension
of Spain; areas with slopes from 20 to 30 mm/month the
Eastern Pyrenees and South Atlantic coast; and, finally,
slopes exceeding 30 mm/month are detected in the West-
ern Pyrenees and Cantabric and Atlantic coasts. Because
only Spanish gauges are considered, magnitudes corre-
sponding to the Atlantic coast of Portugal are an approach
given by the extrapolation of the krigging algorithm used
for plots. As a summary, the isoline of 20 mm/month
could be considered as the boundary between the humid
and dry areas of Spain, in agreement with the expected
annual rainfall amounts.
3.3. Statistics of rainfall shortage
Figure 5 exhibits the L-skewness-kurtosis diagrams for
the shortage magnitudes < S >, SM and CS. It is
observed that empirical L-skewness and L-kurtosis are
very close to the Pearson-type III and to the GP distribu-
tions (Hosking and Wallis, 1997). Consequently, < S >,
SM and CS are well modelled by the PE3 distribution,
including the gamma and the normal distributions as par-
ticular cases, although the GP model could often be a bet-
ter option. The preferred statistical model is determined
by searching for the shortest distance between empirical
and theoretical L-skewness and L-kurtosis. The average
distances (standard deviations) for the PE3 and GP dis-
tributions are respectively: for < S >, 4.1 × 10−2 (2.9 ×
10−2) and 5.9 × 10−2 (3.6 × 10−2); for SM, 8.4 × 10−2
(3.5 × 10−2) and 3.5 × 10−2 (2.3 × 10−2): and for CS,
1.5 × 10−2 (1.2 × 10−2) and 1.8 × 10−2 (1.3 × 10−2). It
Copyright  2009 Royal Meteorological Society Int. J. Climatol. 30: 1668–1688 (2010)
RAINFALL MONTHLY SHORTAGE IN SPAIN 1677
0 5 10 15 20 25 30 35 40 45 50 55
Average Monthly Shortage (mm)
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
G
en
er
al
ise
d 
Pa
re
to
 D
ist
rib
ut
io
n
CAZ
0 5 10 15 20 25 30 35 40 45
Extreme Monthly Shortage (mm)
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
G
en
er
al
ise
d 
Pa
re
to
 D
ist
rib
ut
io
n
MAD
0 100 200 300 400 500 600 700
Cumulative Monthly Shortage (mm)
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
G
en
er
al
ise
d 
Pa
re
to
 D
ist
rib
ut
io
n
SSB
Figure 6(b). Some examples of the GP distribution (solid line) for the magnitudes < S >, SM and CS. Dots represent empirical distribution and
dashed lines the Kolmogorov–Smirnov 95% confidence bands.
is worth mentioning that CS shows the smallest ranges of
distances, with averages and standard deviations reaching
quite similar values. CS achieves then the closest vicinity
to the PE3 and GP distributions. Figure 6 shows some
examples of the good fits between empirical distribu-
tions and theoretical models for < S >, SM and CS. The
examples correspond to emplacements in the Mediter-
ranean coast, near the Cantabric littoral and in the Central
Plateau.
Figure 7 represents the spatial distribution of gauges
for which the best-fitting model for monthly shortage
magnitudes is either the PE3 or the GP. A quite complex
pattern is observed, without clear signs of latitudinal
changes and/or influences of the vicinity to the Atlantic
and Mediterranean coasts. The map for < S > shows
two well-defined groups of gauges according to the
best-fitting model, delimited by a roughly north-western
to south-eastern line. A different best-fitting model is
obtained for the two gauges in the Balearic Islands.
The map for SM shows a clear predominance of the
GP distribution. Only the records of three rain gauges
along the Mediterranean coast and other three in the
Cantabric area are better fitted by the Pearson-type III
distribution. Finally, the best fit for CS is offered by the
PE3 distribution for 19 out of 34 gauges covering a large
part of Spain. The GP distribution is the best option for
the rest of gauges, placed in some unconnected areas in
the north-western Atlantic coast, in the Cantabric coast,
within a narrow area from the Central Plateau to the
Mediterranean coast and towards the south and south-
west of Spain. As for < S >, the best-fitting distribution
is different for the two gauges in the Balearic Islands.
A simple spatial pattern for CS in comparison to SM is
not present and, especially, < S >. For instance, gauges
SNF, SEV and HLV fit to the same distribution model for
< S > and SM, but not for CS. This discrepancy could
be due to local effects, especially affecting the CS.
4. NRC
The analysis of a pluviometric regime by means of the
NRC is an interesting way to characterize its variability
and correlate the number of daily rain events and
collected amounts (Burguen˜o et al., 2005). Additionally,
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Figure 7. Spatial distribution of rain gauges for which the best fitting model for < S >, SM and CS is either the Pearson- type III, PE3, or the
GP distribution.
a strong dependence exists between the CV of the daily
rainfall amounts and the parameters of the NRC. A
similar formulation can be used to analyse the rainfall
shortage at monthly scale. The CMS is defined as
CMS(m) =
m∑
j=1
s(j)
n∑
j=1
s(j)
;m = 1, 2, . . . , n (6)
where s(j ) {j = 1, . . . , n} represents the sequence of
monthly shortages in increasing order. It is obvious from
Equation (6) that the upper bound of CMS(m) is 1.0. On
the other hand, the CNM with shortage is defined as
CNM(m) = m/n;m = 1, 2, . . . , n (7)
and the upper bound of CNM(m) is also 1.0. After a close
revision of different statistical distributions, the Weibull
model, with cumulative distribution
F(x; k, u, ε) = P(x ≤ X)
= 1 − exp
{
−
(
x − ε
u − ε
)k}
; x ≥ ε;u, k > 0 (8)
is found to fit well both empirical distributions. Unfortu-
nately, the empirical estimation of L-moments is not pos-
sible on account of the procedure to obtain CMS(m) and
CNM(m). An alternative way is the probability paper rep-
resentation. In a double logarithmic scale, log{− log(1 −
F)} depends linearly on log(x − ε) and a linear regres-
sion in terms of both quantities gives an estimation of
the parameters u and k, provided that ε is known. While
ε is set to 0.0 mm for CMS (monthly amount equal to
the median of the month), ε is set to 1.0 month for CNM
(the minimum length of a shortage spell).
Table III lists the parameters of the Weibull distribu-
tion for CMS(m) and CNM(m) and Figure 8 shows some
examples of fits between empirical and theoretical distri-
butions for a few gauges. All the fits are good or quite
good, the empirical distributions always keeping within
the Kolmogorov–Smirnov 95% confidence bands.
By analogy with the NRC, the relationship between
CMS and CNM is designated the NSC and the same
function used for the NRC is proposed. For simplicity,
X represents CMS(m) and Y CNM(m). Then, X can be
written as a function of Y as:
X = Y exp{b(1 − Y )c} (9)
and parameters b and c can be easily estimated by a lin-
ear regression of log(X/Y ) with respect to Y . Besides
parameters b and c, the NSC pairs of coordinates (X∗,
0.5) and (0.5, Y ∗), and the pair (XS, YS), accomplish-
ing dX/dY = 1.0 can be easily computed. Variability
and asymmetry of the monthly shortage distribution are
characterized by these three pairs of coordinates. Details
regarding the computation of XS and YS can be found
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Table III. Parameters u and k of the Weibull function reproducing empirical CMS and CNM distributions.
CMS CNM
Gauge k u ρ2 k u ρ2
ALB 0.1323E+01 0.1356E+02 0.981 0.2136E+01 0.2141E+02 0.993
ALI 0.1096E+01 0.1041E+02 0.945 0.1965E+01 0.1889E+02 0.984
ALM 0.1232E+01 0.1015E+02 0.967 0.2006E+01 0.1639E+02 0.978
BAD 0.1029E+01 0.1819E+02 0.905 0.2030E+01 0.3320E+02 0.977
BAR 0.1413E+01 0.1968E+02 0.976 0.2214E+01 0.3004E+02 0.994
BUR 0.1359E+01 0.1844E+02 0.973 0.2203E+01 0.2822E+02 0.994
CAC 0.1053E+01 0.1700E+02 0.932 0.1951E+01 0.3299E+02 0.975
CAZ 0.1050E+01 0.1712E+02 0.931 0.1929E+01 0.3312E+02 0.972
CIU 0.1131E+01 0.1590E+02 0.951 0.2015E+01 0.2662E+02 0.981
CRD 0.1301E+01 0.2861E+02 0.975 0.2145E+01 0.4488E+02 0.991
COR 0.1177E+01 0.2700E+02 0.985 0.1948E+01 0.4780E+02 0.997
CUE 0.1250E+01 0.1947E+02 0.970 0.2090E+01 0.3136E+02 0.989
HLV 0.1217E+01 0.1978E+02 0.970 0.1966E+01 0.3414E+02 0.984
HUE 0.1392E+01 0.1843E+02 0.956 0.2261E+01 0.2835E+02 0.988
LOG 0.2261E+01 0.2835E+02 0.988 0.2228E+01 0.2186E+02 0.994
MAD 0.1235E+01 0.1548E+02 0.974 0.2054E+01 0.2599E+02 0.992
MAH 0.1059E+01 0.1983E+02 0.982 0.1785E+01 0.4043E+02 0.995
MAL 0.1131E+01 0.2153E+02 0.974 0.1916E+01 0.3955E+02 0.984
MUR 0.1039E+01 0.9308E+01 0.912 0.2036E+01 0.1754E+02 0.976
PAL 0.1167E+01 0.1533E+02 0.980 0.1905E+01 0.2866E+02 0.994
PAM 0.1332E+01 0.2770E+02 0.970 0.2179E+01 0.4285E+02 0.993
SNF 0.1147E+01 0.2576E+02 0.983 0.1899E+01 0.4684E+02 0.991
SSB 0.1344E+01 0.4415E+02 0.970 0.2183E+01 0.6994E+02 0.993
SNT 0.1295E+01 0.3734E+02 0.991 0.2045E+01 0.6126E+02 0.998
STC 0.1259E+01 0.5921E+02 0.991 0.2022E+01 0.9862E+02 0.994
SEG 0.1319E+01 0.1749E+02 0.971 0.2171E+01 0.2755E+02 0.991
SEV 0.1217E+01 0.2381E+02 0.975 0.2031E+01 0.3962E+02 0.991
SOR 0.1441E+01 0.1969E+02 0.964 0.2307E+01 0.2891E+02 0.990
TOL 0.1071E+01 0.1390E+02 0.952 0.1930E+01 0.2473E+02 0.977
TOR 0.1291E+01 0.1715E+02 0.989 0.2049E+01 0.2783E+02 0.997
VAL 0.1301E+01 0.1439E+02 0.987 0.2097E+01 0.2314E+02 0.996
VLL 0.1413E+01 0.1340E+02 0.978 0.2213E+01 0.2020E+02 0.993
ZAM 0.1297E+01 0.1084E+02 0.961 0.2110E+01 0.1744E+02 0.983
ZAR 0.1431E+01 0.1051E+02 0.975 0.2234E+01 0.1596E+02 0.994
ρ2 is the square regression coefficient.
in Burguen˜o et al. (2004, 2005). An alternative to Equa-
tion (9) is a simple power law
Y = d · Xf (10)
which offers very similar results. A linear regression
of log(Y ) in terms of log(X) leads to a straightforward
estimation of parameters d and f . The same three pairs of
coordinates, with the same meaning, can be determined.
Table IV details the parameters b, c, d and f and
the square regression coefficients derived from Equa-
tions (9) and (10) for the 34 rain gauges. Figure 9 shows
two examples of empirical X and Y series for gauges
MAH and SOR. Gauge MAH has the maximum monthly
shortage CV and gauge SOR the minimum CV, so that
Figure 9 shows the range of variation of the set of NSC
analysed. Empirical X and Y values for MAH are better
modelled by Equation (9) and those for SOR by Equa-
tion (10). Figure 9 and the square regression coefficients
listed in Table IV manifest that the monthly shortage
regime of all the rain gauges is sometimes better repre-
sented by Equation (10) and sometimes by Equation (9).
The best option was always selected according to the
best square regression coefficient. Two extreme situations
would be NSC with CV tending to zero, modelled by a
diagonal line in the X–Y diagram, and NSC with Y equal
to 1.0, whatever the value of X within the interval [0, 1].
Figure 10 illustrates the dependence of X∗, Y ∗ and
YS on CV. Even though a quite clear decreasing and
increasing evolution of X∗ and Y ∗ with CV is observed,
the slopes are estimated with a large uncertainty and
only signs of a linear relationship with CV can be
assumed then. Although, for YS, there appear to be
some signs of an increasing tendency with CV, deducing
a slope by linear regression is very questionable. In
fact, two different slopes can be detected. Nothing can
be satisfactorily assessed about a possible relationship
between XS and CV. Therefore, the dependence of the
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Table IV. Parameters of the functions modelling the NSC and the square regression coefficient, ρ2.
X = Y exp{b(1 − Y )c} Y = d · Xf
Gauge b c ρ2 d f ρ2
ALB 1.9081 1.0265 0.994 1.0395 0.4967 0.997
ALI 2.2260 1.0406 0.993 1.0048 0.4064 0.999
ALM 2.1164 1.1132 0.994 1.0733 0.5033 0.991
BAD 2.3430 1.0801 0.991 0.9718 0.3680 0.991
BAR 1.6371 0.9685 0.990 1.0103 0.5057 0.999
BUR 1.8062 1.0316 0.992 1.0213 0.4961 0.999
CAC 2.4129 1.0356 0.993 1.0162 0.3883 0.983
CAZ 2.4460 1.0475 0.994 1.0271 0.3981 0.974
CIU 2.1766 1.1025 0.991 1.0121 0.4385 0.997
CRD 1.9573 1.0518 0.993 1.0367 0.4937 0.998
COR 2.0805 0.9838 0.995 1.0416 0.4641 0.998
CUE 2.0159 1.0637 0.993 1.0360 0.4786 0.998
HLV 2.2226 1.0440 0.996 1.1008 0.5049 0.978
HUE 1.7398 1.0089 0.994 1.0114 0.4849 0.999
LOG 1.7170 0.9870 0.993 1.0119 0.4870 0.999
MAD 2.0123 1.0142 0.994 1.0313 0.4648 0.998
MAH 2.3160 0.9479 0.997 1.0428 0.4247 0.995
MAL 2.3187 1.0190 0.995 1.0649 0.4579 0.990
MUR 2.3910 1.0593 0.989 0.9766 0.3566 0.995
PAL 2.1154 0.9502 0.997 1.0433 0.4495 0.992
PAM 1.8381 1.0356 0.992 1.0205 0.4917 0.999
SNF 2.2816 1.0163 0.996 1.0782 0.4763 0.989
SSB 1.7992 0.9952 0.994 1.0204 0.4866 0.999
SNT 1.8744 0.9754 0.994 1.0481 0.5046 0.996
STC 2.0749 1.0138 0.995 1.0751 0.5094 0.996
SEG 1.9109 1.0329 0.994 1.0300 0.4854 0.998
SEV 2.0723 1.0465 0.994 1.0438 0.4762 0.997
SOR 1.6915 1.0344 0.991 1.0123 0.5086 0.999
TOL 2.3623 1.1080 0.993 1.0312 0.4288 0.994
TOR 1.8540 0.9791 0.993 1.0360 0.4976 0.999
VAL 1.9029 1.0004 0.993 1.0353 0.4917 0.999
VLL 1.7749 1.0321 0.994 1.0403 0.5203 0.998
ZAM 1.9211 1.0263 0.995 1.0366 0.4831 0.998
ZAR 1.6694 0.9841 0.994 1.0175 0.5054 0.999
coordinates X∗, Y ∗, XS and YS on the CV of the monthly
shortage is more questionable than in the analyses of
rainfall regime (Burguen˜o et al., 2005).
The spatial distribution of the coordinates X∗, Y ∗, XS
and YS is shown in Figure 11. For a right interpretation, it
should be remembered that X∗ represents the percentage
of cumulative shortage explained by half of the months
with rainfall deficit. Similarly, Y ∗ represents the percent-
age of months with deficit accounting for half of the
cumulative shortage. XS and YS represent the ratio of
cumulative shortage and the ratio of months with deficit
equalling to or lowering the average monthly shortage.
The spatial distribution of X∗ shows signs of a SW
to NE gradient, with the lowest values (0.15–0.17) in
SW Spain, and reaching 0.23–0.25 in NE Spain. The
X∗ values are relatively low, thus indicating that a low
percentage of the cumulative shortage is associated to
half of the months with rainfall deficit. X∗ values depart
notably from a balanced distribution (X∗ = 0.5), for
which half of the cumulative shortage would correspond
to half of the months with deficit. The behaviour of Y ∗
is opposite to that of X∗. Some signs of a NE to SW
gradient can be observed now and a high ratio of months
(70–80%) is needed everywhere to account for half of
the cumulative shortage. Consequently, a relatively low
percentage of months with large rainfall deficit cause half
of the cumulative shortage. The spatial distribution of XS
does not show any sign of gradients or other geographical
patterns. The range of values manifests the asymmetry of
the shortage of the rainfall regime in Spain, as cumulative
shortages generated by monthly episodes equalling to
or lowering the average monthly shortage represent as
much as 30% of the whole cumulative shortage. The
spatial distribution of YS shows some similarities to that
of Y ∗, although the ranges of values are very different.
NE Spain again attains the lowest values, whereas the
maximum values are detected towards the S, SW and
NW of Spain. The range of YS reveals that 50–62% of
the months with rainfall deficit correspond to shortages
equalling to or lowering the average monthly shortage.
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Figure 8. Some examples of empirical CNM and CMS (dots) fitted to the Weibull distribution (solid line), together with Kolmogorov–Smirnov
95% confidence bands (dashed lines).
Consequently, the asymmetry of the shortage distribution
would be attributable to the magnitude of the monthly
shortage, related to XS, rather than to the number of
months with rainfall deficit.
Finally, the possible dependence of the parameters
of Equations (9) and (10) on CV is investigated. This
dependence is found to be reasonably clear only for
parameters b and f . Figure 12 represents both parameters
as a function of CV. A quite well defined increasing
trend with CV is detected for b, while for f a not so
clear decreasing trend is observed. In short, a pure linear
dependence of b and f on CV is questionable, especially
for the latter. The other two parameters, c and d , show
an erratic evolution with CV and the corresponding plots
are not included.
5. Time trends of < S >, CS and SM
The local time trends of the series of average monthly
shortage, cumulative shortage and maximum monthly
shortage for every gauge are computed by the Kendall-
tau procedure. This method is preferred instead of a
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Figure 8. (Continued).
simple linear regression because of the high variability
of the time series. The statistical significance (95% level)
is assessed by the Mann–Kendall test. Additionally,
the field significance of trends is also analysed by a
Monte Carlo simulation. First, every series is randomly
rearranged R times and the Mann–Kendall test applied
for every gauge and random step. Second, the number
of gauges with significant time trends, rj , for every
random rearrangement j is evaluated. Finally, the set {rj }
is arranged in increasing order and the threshold level
corresponding to the 95% of this empirical distribution,
r95%, determined. If the real number of gauges with
statistical significant trends, r0, is greater than r95%, it
is assumed that a field trend could exist at the 95%
significance level. On the contrary, if r0 is equal to or
less than r95% the possibility of a field trend should
be discarded. The number of simulations is empirically
determined by controlling, for increasing values of R, the
asymptotic evolution towards a stationary value of r95%.
Figure 13 shows the emplacement of gauges with local
significant and non-significant trends for < S >, CS and
SM. It is observed that most of the local trends are non-
significant. Only gauge LOG has statistically significant
(positive) trends for the three shortage variables and
only CUE, LOG and SNF present significant (positive)
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Figure 9. Two examples of NSC for rain gauges MAH and SOR
associated with the highest and the lowest CV of monthly shortage.
The modelling function (solid lines) are also indicated.
trends affecting the CS and SM series. The highest
number of significant trends (8) is found for SM. It is
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Figure 10. Dependence of the NSC coordinates X∗, Y ∗ and YS on the CV of the monthly shortage.
worth mentioning that, without considering statistical
significance but only the sign of trends, increasing
trends are usual in the central-eastern area, meanwhile
decreasing trends are observed in the north-west area.
This spatial distribution of trends, compared to patterns
observed in Figure 4, suggests that the SE–NW gradient
for < CR > could increase in the near future.
Figure 14 shows the example of gauge LOG. Time
trends are given in millimetres per decade, assuming an
approximately constant ratio of the number of episodes
per decade. Although trends are moderate (from 0.4 to
1.2 mm/decade), they are verified by the Mann–Kendall
test and are noticeable in the plots. Then, for gauge LOG,
the future pluviometric regime would be conditioned
by larger < S >, CS and SM. The time behaviour of
the monthly rainfall shortage for the rest of gauges is
not so clear and a worsening of problems concerning
water resources management due to rainfall shortage is
not so evident. After 1000 Monte Carlo simulations for
every variable, the cumulative shortage CS depicts field
significance, but only five (positive) and three (negative)
out of 34 rain gauges are affected by significant trends.
Maximum monthly shortage SM also depicts signs of field
significance, but only four gauges have significant trends,
all positive. Field significance is not found for average
monthly shortage, < S >, according to the results of the
Monte Carlo simulations.
New runs of the Monte Carlo simulations are done,
considering the sign of the local time trends instead
of their statistical significance. Given that for the three
variables the number of positive local trends always
exceeds the number of negative trends, r0 is chosen as the
number of empirical local positive trends and r95% as the
number of simulated positive trends associated with the
95% percentile of the simulations. This new validation
reveals that detected positive field trends for < S >, SM
and CS are very likely, with probabilities exceeding 95%.
The conclusions are quite different if local significant
trends and all trends with the same sign are considered.
The worse scenario is obtained for the latter option,
for which monthly rainfall shortage tends to increase
from the viewpoint of the three magnitudes (< S >, SM
and CS ). Specifically, considering only positive local
trends, < S > is characterized by an average field trend
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Figure 11. Spatial distribution of coordinates X∗, Y ∗, Xs and Ys determined analytically for every rain gauge by choosing the best option
[Equation (9) or Equation (10)].
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Figure 12. Dependence of parameters b and f of Equations (9) (NRC model) and (10) (power law) on the CV of monthly shortage.
of 0.8 mm every 100 events; SM of 1.4 mm every 100
events and CS of 2.2 mm every 100 events. Uncertainties
(standard deviations) in these average field trends are 0.5,
0.8 and 1.6 mm every 100 events, respectively. Even
though the observed trends are moderate, the rainfall
shortage increase for most of Spain would have to
be assumed. It would be in agreement with different
scenarios of future rainfall regime in the Mediterranean
region, forced by the increased atmospheric greenhouse
gases concentrations (Sa´nchez et al., 2004; Bengtsson
et al., 2006; Pinto et al., 2007). These scenarios would
be characterized by a substantial drying, especially in
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Figure 13. Spatial distribution of statistically significant local trends for < S >, CS and SM.
the warm season, with precipitation shortage exceeding
25% (Giorgi and Lionello, 2008). This predicted regional
drying would be due to increased anticyclonic circulation
that would yield increasingly stable conditions and would
be associated with a northward shift of the Atlantic storm
tracks (Knippertz et al., 2000).
6. Conclusions
The rainfall shortage statistics in Spain is analysed
by means of long-term recordings of monthly rain
amounts pertaining to meteorological observatories of the
AEMET. The most relevant questions are as follows:
• The TR and models based on the geometric distri-
bution and first-order Markov chains with two states
permit a quite complete description of patterns con-
cerning the whole number of shortage events and
their distribution in terms of their lengths L. The
results of the χ2 test suggest that a Markov chain
describes the distribution in terms of lengths slightly
better than the geometric model. An alternative to the
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Figure 14. Statistically significant time trends, in mm/decade, of SM, < S > and CS for rain gauge LOG, computed by the Kendall-tau algorithm.
Straight lines depict the linear regression and thick lines a smoothing of the series (thin lines).
gamma distribution for the series of cumulative rain-
fall for shortage episodes, distinguishing at the same
time among different episode lengths, is given by the
Poisson-gamma distribution. This model is especially
suitable for pluviometric regimes with null monthly
amounts, which is quite common for many rain gauges
in Spain. The parameters can be estimated by max-
imum likelihood and the goodness of fit verified by
the Kolmogorov–Smirnov test. The expected amount
of a shortage event increases linearly with its length,
and the spatial distribution of the slopes agrees with a
rough classification of wet and dry rainfall regimes in
Spain.
• The Pearson-type III, including the gamma and nor-
mal distributions, and the GP models fit empirical
distributions of the average monthly shortage, max-
imum monthly shortage and cumulative shortage of
a spell quite well. Parameters of the distribution are
efficiently determined by the L-moments formulation
and the goodness of fit quantified by the L-skewness-
kurtosis diagrams.
• The monthly shortage regime is characterized by
means of the NSC by using an analogy to the math-
ematical model of the NRC and, alternatively, by a
power law. Although it is quite common that parame-
ters of the NRCs have analytical dependence on the CV
of the rainfall amounts, dependence between parame-
ters of the NSCs and the CV of the monthly shortage
is not so clearly manifested. Nevertheless, coordinates
X∗, Y ∗, Ys and parameters f and b are, to some extent,
governed by this coefficient. Besides these considera-
tions, the evolution of NSC strongly depends on the
CV, as for NRC.
• Positive local and field trends of < S >, CS and SM
are in agreement with future scenarios linked to anthro-
pogenic climatic change effects on the pluviometric
regime of Spain, all of them leading to notable reduc-
tion of annual rainfall. Significant local trends are
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not very numerous and signs of field significance are
only observed for CS and SM. Nevertheless, another
approach based on the signs of the local trends, with-
out considering local statistical significance, permits to
assume positive field trends for the three variables with
a high degree of certainty.
This approach to the rainfall shortage in Spain permits
a better quantification of hazards associated with drought
episodes. On the one hand, the analysis is developed
at the appropriate scale (months). On the other hand,
probabilities concerning length episodes, L, and severity
of shortage episodes, characterized by < S >, SM, and
especially CS, are extensively investigated. Moreover,
the slope of the linear evolution of the average CR
with length L is an interesting approach to the severity
of a shortage episode. The pairs of coordinates (X∗,
Y ∗) and (XS, YS) of the NSC also represent a relevant
overview of the shortage regime, as they characterize the
asymmetry of the monthly shortage and its deviation from
a uniform distribution (CV = 0). Nevertheless, some
features of the NRC, such as dependence on coefficients
of variation, are not exactly reproduced by the NSC. By
assuming that N , L and CR are mutually independent,
the best statistical description of the monthly rainfall
shortage in Spain would be given by the product of the
combinatorial function of Equation (1), by the density
function generated by the Markov chain, Equation (5b)
and by the density function of the Poisson-gamma
distribution ( ¨Oztu¨rk, 1981).
It is worth mentioning that valuable additional informa-
tion concerning rainfall shortage could be derived from
future analyses at seasonal scale. Although the necessity
of the Poisson-gamma model to fit some empirical CR
distributions could suggest that summer season may play
a relevant role on monthly shortage, relative seasonal fre-
quencies detailed in Table II(c) refute this possibility. On
the other hand, water management and resource policies
could be partially based on the behaviour of normal wet
seasons. A drought period could be worsened by the con-
tinuation of a dry summer, but it is very likely that the
main cause of a drought should be a relevant shortage
episode in a wet season. Detailed analyses of the wet sea-
sons would be very relevant bearing in mind the results
summarized in Table II(c), where a strong predominance
of summer months with rainfall shortage, even for short
spells of 1 and 2 months, is not found. Conversely, the
probability of detecting a shortage month is quite similar
for the four seasons, except for eight gauges placed in
semi-arid regions, where the relative frequency for sum-
mer is remarkably low.
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